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- The present invention relates to a disk drive whi ch has fluid

communi cation with the surrounding environment, and in particular to a
| ow cost nethod and easi |y manufactured apparatus for mnimzing the
presence of contam nants such as particul ates, corrosive gasses 10 and
water vapor within the interior of a disk d#ive. Background of the

| nventi on - Conventional disk drives for use in work

stations, personal conputers, and portable conputers, are 15 required to
provi de a | arge anount of data storage within a m ni mum physi cal space.
In general, disk drives operate by positioning a readIMW|te t ransduci ng
head over = respective tracks on nagnetic recordlng di sks. _
Positioning of the head over the tracks is acconplished 20 by an actuator
coupled to control electronics, which control the positioning of the
actuator, rotation of the - disks and the read/wite functions of the
heads. Wth the advent of portable conputers, disk drives are now
required to reliably performin a wi de range of 25 environments which may

vary substantially with respsgk YDRIVE mmmmwga and hum dity.
Conventional 'y, disk drives eATe D BURFER Pr essure changes

and to nininize the presence of contan1nants wthin the drive. In order
to acconplish '
Field of the Invention |
5 ' The present invention relates to a disk drive

which has fluid communication with the surrounding
environment, and in particular to a low cost method and
easily manufactured apparatus for minimizing the presence
of contaminants such as particulates, corrosive gasses

10 and water vapor within the interior of a disk drive.

karound Inv
Conventional disk drives for use in work
stations, personal computers, and portable computers, are
15 required to provide a large amount of data storage within
a minimum physical space. In general, disk drives
operate by positloning a read/write transducing head over
' resgective tracks on magnetic recording disks.
gitioning of the head over the tracks is acccmplished
20 - by-an:actuator coupled to control electronics, which
control the positioning of the actuator, rotation of the
digks and the read/write functions of the heads, With
the advent of portable computers, disk drives are now
required to reliably perform in a wide range of
25 environments which may vary substantially with respedt to
temperature, pressure and humidity.
Conventionally, disk drives had been sealed to
- prevent pressure changes and to minimize the presence of
contaminants within the drive. In order to accomplish
30 this, the above-described components were hermetically
sealed within a base and cover. However, where extreme




30 this, the above-described conmponents were hernetically seal ed

W thin a base and cover. However, where extrene WO 96/ 14637

PCT/ US - 2 2 .
differentlaﬁéaéxist between the interior and exteriorc@?ﬁéﬁgﬁgﬁive, as
may be caused at higher or | ower el evations or at extremne tenperatures,
the hernetic seal of the disk drive was often broken, thereby allow ng

5 pressure changes and unfiltered contam nant entry into t he drive.
Attenpts to inprove the hernetic seal, &as for = exanple, by providing a

fl exi bl e and conpressi bl e gasket around t he ‘peri phery of the drive

bet ween thpreasnrendifferentdalsh&wasmr@maweannnheﬂinueﬁiaxnanda|n totally
10 isol atipgelhEy! Bfeg}-@r dQ'E.thea@r m&§ fHeOfa S HYher c:env' Fonment

at extrene pressure an errpera ure ondl t1 ons As

result of l@wedi eleVRLipns,oF: aFi tgeme Gﬁmﬂﬁﬂaﬁﬂ%ﬁﬁmﬁﬂhﬁihﬁ#ﬂﬂﬁ#csone

convent i ongéallr b¥ €6h8adeskbdrieen waso Urtea Wridkeh 0 oty faultcﬁhxy#I ch .
ss into.and of the r|ve SQ as to substantial |y

|1 fluid
cqual Pe tREesRyER changsecaPe BRelizatad &¢ T3 HRBEf  oundi ng
envi ronnenthe Tntvef | uAtsempssi ng dmparove tﬁieehém\st:fd (seat:lh,e aairfortindi ng

envi ronmen I lyer fam o I le

br eat her f%‘lé B§ § goggfi%hgo ;égcrl%g%t man?a %@n{e@?{ﬁ% rsBﬂ‘er% t he

sur roundi reremndspher peripberyr @fr @lh@t drdve besween ibhe base manst event i ng
ot her cont @8aNt Ba{EOPrERLa eaaewnh% tﬂi%ffect' Rl ledftfalliie drive. For
exanple breathe filters e tq filter out corrosive gasses

t hat pESPLR géng th?anﬁgr&PﬁbQEhépé d§&8ﬁ £romthe extegnad gasses ac
to er ogltvibenmeher agl esttremer preseurRoatd/or tenpdratuke .  breat heri

filters are | unabl e to prevent water vapor fromentering into
t he interi%?ngig%ﬂésdrlve 30 Water vapor can:simlarly have a corrosive
effect on  drive Bsnpesubtspfathecidiffdicovdty dm prawidimgsuch as

e br been $9B8Featl *HelibdCalione] it vl stndl ars bl P00 MOt

br eat A8r fbee@rsrgvedeérgét asbreather fdltexn which adlews fduidul at es,

such to pass into and out of the drive so as to substantially
equalize the internal pressure of the drive to that of
the surrounding environment. Thus, fluids passing into
the drive from the surrounding env1rcnment are filtered
20 to remove contaminants therefrom.. While breather filters
~are able to filter out. many particulates from the _
surrounding atmosphere, they are relatively 1neffective
in preventing other contaminants from entering into the
1nterior of the drive. For example, breather filters are

_to filter out corrosive gasses that may be found
in t _fatmosphere, such as chlorine, which gasses act to
erode the internal disk drive camponents. Similarly,
breather filters are largely unable to prevent water
vapor from entering into the iutericr of the drive.

30 Water vapor can similarly have a corrosiveleffect on
drive components, as well as causing problems .such as
stiction, where a disk drive head adheres to the disk
surface and must be broken free upon start-up of the
drive. Further still, while breather filters are 1argely

35 effective in filtering out particulates, such
particulates may buildup within the breather filter over
time.

25



pérti cul ates may buildup within the breather filter over tinme.

REPLACEMENT SHEET WO 96/ 14637 - © PCT/ US95/ 15329

"3, Qe—mﬂﬁon“rﬁ—he—dpfobl em of at nospheri c I&I%ﬁ on
a ent

|ntothe |nvgr|or of t proposed in U S

4,751,594 to Bl anks, Jﬂ? eét‘ﬁgs@%'?R pﬁ'ce%s a serpentinian groove forned in.a
pI ate nounted 5 on theJ [’&mlﬂf lﬁﬂmFrlve. Prior to entering the -
interior of the drive, ext er nal environnment nust pass
through the grooves. Largely ~ through coBtrol of “fhe diameter of the

groove, Bl anks di scl oses that the pressure of the drive interior may be
10 adjusted to that of tOne seltion &oitheproblen| of atmosphediag wat er

vapor diffusi ogyifkhitdie inchQ-?he interior of tﬁ‘i@bﬁ%[v% temﬁﬁgﬁo t025 336

probl em of atnospheric usion I's shown I n
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envi ronment_enters.t hrou n cover, travels a groove
formed in the 95’&/3:11" ‘%3?1 #?ﬁﬁbe a{'hEJo art V\ﬁ'\‘?c?PEmﬂlEﬁges with the
interior of thdntieddal iofe.the mduinse, dEkuid aftromayhdeexterpadvi ded wit hin

t he conpartnen ' ' Sy t fluid
travels thr oug%ﬁnﬁgom\ﬁ}e%@;ﬁé@ ‘tzta‘egl?opm o@a%%‘;?%e B%%%%%?gl de,

i.e., t hr otrgirouigh reontonds tofli then diamester ef dule cgroove, Blasksover,
there is only Hpar t tfégg‘f [ dPRfvdn f rive
fromthe ext er?é'lgdg'g;\ﬁ%ré(:)nnent ﬂfg&S Sl :'Zérl':gllEJ t|::tr11eU S. %’ hg%%eﬁlof %AgeBgMS
to Gt zendhnedjusted, & thatyiok the exrtefnal pavirenment wailet ube and a
desi ccant throy@taddicly water f ¥ B ERigiow|into € ideivent travels.

The tub dd t t h I d mper

Tnei de the drive 30 houd PR RALEHAIA (o RF ol 0 *Gf | AERRRBREELF | or

of the dri dd.ffus:.on is shown On iThg ndPapenttNonas, 025 336 vd t he

drive, and = WSOSIdS diSC N AL ddildd findile "G PLES SHiSeRlfon,
ererclat Pete

tenperature di e interior
15 fluid from the external environment enters through holes

in the cover, travels along a groove formed in the cover,
and into a compartment which communicates with the
" interior of the disk drive. A planar desiccant may be
provided within the compartment to remove contaminants
20 such that the entering fluid travels through the
desiccant from the topside to the bottom side, i.e.,
through the narrowest dimension of the desiccant.
Moreover, there is only a single compartment separating
the interior of the drive from the external environment.
25 Sﬁmi?arly, in U.S. Patent No. 4,620,248 to Gitzendanner,
there is disclosed a disk drive including a tube and a
desiccant through which fluid from the external
environment travels. The tube and desiccant are provided
within a single enclosed chamber inside the drive
30 housing, which chamber communicates with the interior of
the drive. | | |
During nonoperational'peridds of the drive, and
generally where there is little or no pressure and
_ temperature differential between the interior and
35 exterior of the'drive; diffusion of fluid through the
diffusion structure still occurs. With conventional
diffusion structures having only one compartment, any

 THIS SHEET HAS BEEN
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35 exterior of the drive, diffusion of fluid through the di ffusion

structure still occurs. Wth conventi onal di ffusion structures having
only onwoxeRésst nent, any WO 96/ 14637 PCT/US95/15329 .
PCT/ US95/ 15329 4 contam nants from
the external environnent that diffuse  into the conpartnent may
subsequently enter the interior of the drive as result of further

di ffusion or as result of an influx of fluid into the drive interior

upon a 5 relative increase or decreasedin external pressure or
tenperature ectivel ver conventlgn di ffusion
At L8

structures® n%%ﬁ%ﬂﬁ%ﬂﬁ)FQﬁNﬁﬁ#%ﬁR%ﬁ %ﬂ PrhenE \thIE fiGf acture
in thaﬁntbeyhawedmpannhénunnayrnuhssquéntnp ensér pehésintépidd

intricate S 1ols I

contaninangg guc d§§§$%%§$ vapor nay {Fkﬁéﬁi difﬁ&g%ﬁnnorhgé %?B%Fon
tubes. . | nofoavednfduxy of Flnidinto %h?L@IMV%SIMh%rtGrngpanda5|ccant
conpar tgrente1 whishd t:\.'&reasej%i* (St ed FEOME SeEd Bia) PPEs bt L bPE

o0 Wrere
structure, e 15 eS|ccant(Produces particul ates which may buil.dup iin the
t ubes and/SPmpﬁﬁﬁépFﬁanean Givekf- contenplated in ~ conventiona

gl ffusi on structuresMoretveny mﬁibﬁahle dszmﬁ:fszﬁlﬁtr@é%ﬁhestabés or
esiccant co rtment s S ow cl eaning. of the tubes

repl acenent® gg%? nﬁ?b Qﬂég%ﬁégﬁd arfd) &Y expensr%%ét%ﬁqﬁnp ﬁ%?ﬁeléna need
for an i npthaedthey adirfef fomed tfxom & cawbeh of cdienesst paptsbivivh found
I n he, rt %HMNﬁﬁﬁnﬁgi H ﬁ%ﬁgﬁl It is
t her ef oare %ﬁig vg%teageesoiﬁ%e presen eTl %}gn [ 1'g\l:l'jr"?)?/l%fe &n i mpr ov
di f fusi on §FﬂU@buﬂ@nﬁﬁmlnanﬁﬁnﬁﬁQRBQﬂnﬂ%#ﬁfmﬂﬂpqrnmﬁy|bﬂiﬂ@ﬂﬂ|sk drive.

It is a fua&h&&na@wm&sﬁldmew@esentx@%ﬁ@éﬁ%ﬁm (@i PEQYIER an

| mproved diffusion structure X’be easl | and |ne§£en5|vely
manuf act ur 8§ructures including ;g L RRFRAL SRR + b

i nvention Hesfceante removey mmmlniafpor ofrcrh rtieé Lsterudture,. the
15 desiccant produces partlculates which may buildup in- the
tubes and/or compartment.- It is not contemplated in
conventlonal diffuslon structures to allow access to the
interior of the tubes or des1ccant compartment so as to
allow cleanlng of the tubes or replacement of. the
20 desiccant.
Therefore,_there is a need_for an improved
diffusion structure which overcomes the problems found in
the prior art.;:

25

*" . It is therefore an advantage of the present
invention to provide an improved diffusion: structure to
minimlze contaminant entry. into a disk drive.

It is a further advantage of the present -

30 1nvention to. provzde an improved diffusion structure -
which may be easily and inexpensively manufactured.

' It is another advantage of the present
invention to_provide an improved diffusion structure in
which contaminant buildup may be easily cleared from the

35 system so.as to potentlally prolong the effectlveness of -
the system _ o o _

_ These and other advantages are accomplished by



whi ch cont ami nant buil dup may be easily cleared fromthe 35 systemso as

to potentially prolong the effectiveness of the system

- These and owissemagsrant ages are acconpl i shed by WO 96/ 14PGCYUS9S/15329
PET/ US95/ 15329 ) 5 t he present
i nvention which relates to a met hod and apparatiis for providing a
relatively large, nulti-chanber fluid buffer between the interior of
the drive and the surroundi ng external environment. The large fluid
buffer 5 is provided by a plurality of chafnel s and chanbers st anped

R R
Wth the Iarged@panhﬂnéfﬁnr pfoﬁidlngamptelafuvehyrbargea pudtiuchanbep or
tenperature |n%rﬁﬁs 4&%&‘3 ﬂgl iﬁ@%f{BP”S@tﬁhé ?ﬂvél?.h hgmthe

drive is drawn er t an exi ere, it
may be held wi tsrunrqmimg fqa:temal e%:gnmnmﬂgtbomrheularge fluéd/ uEfeds,

there is regatij éf";}ﬁ:dﬁdé& ﬁ&%%iﬁmﬂéy &gt &ﬁ&ﬂnéhe aﬁapeaamnerehanbers

Therefore, Tl ui expel | fromthe nter|8 e drive w bl B g
in t he cha@&ﬁmRﬁdc%ﬂﬁﬂmﬁgﬁrﬁQN%§t°fh%h?n %?Fo?rbYethEhHPP9 walcy ong
the diffusion pajdhneuys dM® Eeahisetsapiuidoiust udtiffusefl innorlersuor oundi ng
atnnsphere remains in the ¢gh q%gr%ﬁi 20 chanbers nearest the external

envi ronment al SRFSHLT X ¢ : G ven a sufficient
period of time wthout WiEhvth@nhangalflhadgbuffae.cnéaﬁorlexampié

55" aqui 11 BPi uFRETT 1 Latdprind ALURCer  BHBSraRGRePinkpRaBRO T ReNC
relatively Icwvexb@rg#lwﬂﬂﬂ%ﬁﬂ@m@n%haﬂ%@ﬁ% finidakEom the,driyNgeis 8ra¥aR of

time than in CQﬁﬁ?“ﬁﬂﬂP@fa@Héfe@ﬁaﬁoéxltxn héoCEﬁénoﬁtérdaﬁmbﬁpﬂéeeendtOf
the structure cont am nant

fluj ro e _othert en
di ffuse 30 thmAKPe rﬂe@ltv}g‘%r%?ux’\ékgeifher& i@agkhaﬁrf'flgl gow #1413
drawn into the ﬂtsverp@ﬁ@is | heheréves teRatively jiesler fluidl £Rewi hood

Eﬂgabgr?sﬁg er i, &%éﬁf%ﬁévéggpgé Ef0e LHifbers . kB Y888 OFSd kN the
expelled from the interior of the drive will be held in
the chamber or chambers nearest the interior of the drive
aiong the diffusion path, and the contaminant-rich fluid
from the surrounding atmosphere remains in the chamber or

20 chambers nearest the external environment along the
diffusion path. '

Given a sufficient period of time without

environmental change, the clean fluid and contaminant-
rich fluid will diffuse through each of the chambers and

25 equilibrium.will be established. .However, as result of
the: relatively low mixing between the chambers, it takes
a longer period of time than in conventional systems for
the clean fluid from one end of the structure, and the
contaminant-rich f£fluid from the other end, to diffuse

30 through the entire structure.  Therefore, when fluid is
drawn into the interior of the drive, there is a greater
likelihood that the entering fluid is the clean fluid
which was stored in the chamber(s) nearest the drive
interior. o

35 In addition to the slower diffusion rates
according to the present invention, contaminants are kept
from the interior of the drive as result of settling and



interior. 35 In addition to the slower diffusion rates

according to the present invention, contam nants are kept fromthe
interio drive as result of settling and WO, .
PCT/ usg?/'qgfz | P&@éﬁ% of the
contam nants al ong the diffusion path. - Due to surface adhesi on,

contam nant particles nay adhere to the channel and chanber malls.

Addi tionally, desiccants may be provided in each of the chanbers. In a

5 preferred enbodi nent, the diffusion stgucture includes f our .chanbers.
Cont am nants entering the first chamber are filtered out by settling,

surface adesappingdedrthe contiawinaants @ilohgn thiee dilffusdon p@mi am nant s

that my Dafite to sbEENED AiRebib) eggggpgnah% bhirkdcid ey Lz eCond

10 chanber. Contam nants t rougFl € SEecon er are
filtered odto Hghe Hehamnely %B‘anﬁ &ﬁ‘dwallsfl nddditiopaddy,nants that may

ess {1 ougfesiiednts tnay be"pEBOLAGAC1Al bheRCGEOVhe Kniberd | Tuf HETDC
provi deS a RRREST E?‘ig%&"?éi‘?‘ﬁ??'ontg 8@2\"‘?33?‘1 strugtyzec iaclades e t han
preV|ously}ﬁaumwnﬁambewsvenCongaminanﬂsteﬁtéﬁmhg Ehﬁﬁfiﬂberbhﬁytﬁk? thﬁ
interior o o - present invention further

i ncl udes a3 f%(%iii%ﬁﬁ%ré%% PeEELLDg, FﬁgggﬁFfﬂgﬁSﬁlgprﬁeadﬂ§ fo sea

of f truﬂesﬁgsene w&kh%hahbershamherebyCdBtamingntBethatfmayopass pat h.
The top cougir b@h@aﬂi»y:reﬁamsdrg gutaf—éﬁeaﬁhhﬁ&y chEPEReeflaso as to

all ow renoval q any copt.am nant e’ c anne

chanbetQ. Xhambge. RANER EF?EcF%YepﬁééoFBFﬁgghothﬁeSsﬂegdnt
i nvention r&mﬁéﬁ(ﬁtdefﬂ@@ﬁédt 6ut ObyctRECtRQPAABhARBRE, andlrom the (

ILes o9, i (fEnghed "enst bl S, roznueh che: Fntsd n o
describedwdhamber are filtered out by the fourth chamber. Thus, :
the diffusion structure according to the present
15 invention provides a multi-stage filtration system that
is more effective than previously known for preventing
. contaminants from entering 1nto the 1nterior of a disk
- drive. ' :
The present inven:ion'fufther“inéiudes a top
20 cover which fits over the diffusion structure to seal off
the channels and chambers, thereby defining the diffusion
- path. The top cover may be easily removed and
inexpensively replaced so as to allow'removaiuof'eny
contaminant buildup within the channels and chambers.

25 the diffusion structure according to the'present
invention may effectively operate to remove contaminants
from the entering fluid for the life of the disk drive.

30 " The invention will now be described with

reference to the drawings in which:

FIGURE 1 is a perspective view of a disk drive
including the diffusion structure according to the
present invention;

35 ' FIGURE 2 is a top view of the disk drive cover
showing the diffusion structure according to the present
invention; S



réference to the drawi ngs in which: ' | FIGURE 1 is a perspective

view of a disk drive i ncluding the diffusion structure according to the
" present i nvewnd v6463BS FIGURE 2 is a top view of thectnusss/tpye
cover showi ng the diffusion structure according to the present

I nventi on; WO 96/ 14637

PCT/ US95/ 15329 7 : FlI GURE
3 is a cross-sectional V|ewthroughllne 3-3in Fig. 2;

FIGURE 4 is a perspective view of a top covér according to the present
invention; and 5 RE 5 is a top view the ¢ nbers of the
di ffusion structure accorF&ﬁ%ujt SJtltﬁa HrEREfR - é) ‘?‘%{ﬁ view; &Pf grine
desi ccants. 3-3 in Fig. 2; DETAI LED DESCRI PTI ON 10 The
present invention will n rj Qe L g 5,

whi ch show a sinple and %ﬁﬁ?‘nég%gi sfé\'/g’ sxf%%%'{ffmé evfe‘g $€c% éover

preventi ng acoordingatcs the present rﬂg’ntem:;on;erand of a di sk drive.
In a pref er%ed enbodi mentpy ?np (y fféjsd %\ﬁt\F WWE tﬂ?e ction
sk

with a Wn ester type har wever, It IS undéersto t hat -
the structure QiffysdengistFuciuns qamns rﬁ)%rﬁh%r?#ﬁﬁle% ireentien
various di sk dﬁ_h\ég_&da,m@ \aetgid(ﬁnms ot her data storage devi ces. 20

Al t hough not critical to the present invention, the diffusion structure
may be used with a disk drive such as'that shovvn in Fig. 1. Disk drive
20 may include a storage di sk DEX2 : i N head 24. Read/wite

head 24 i%udes a transck;ll,t(éerani i mﬁ&&h%i&p ng Q&ﬂé&ler 26

is in turn supported on ac arm 'S provided to
pi vot around pmtborleferenqmm;e Rigs. fotSr wirich shewonssimple aand ol

si gnal s reiﬁb@@ﬁsﬁ.%o%d%idﬁ\ﬁ% Cﬁdf‘éffé@@iﬁbi}ﬂ%répéﬂﬂng AS s

known in the art eration drive
conta.m:.nam: from enter:.ng the :.nter:.or of a disk drive.
In a preferred embodiment, the diffusion structure is
15 used in connection with a Winchester-type hard disk
drive. However, it is understood that the structure

~according to the present invention may be used with

various disk drives and with various other data storage
devices. _ _ '

20 - Although not critical to the present invention,
the diffusion structure may be used with a disk drive
such as that shown in Fig. 1. Disk drive 20 may include
a storage disk 22 and a read/write head 24. Read/write
head 24 includes a transducer 25 mounted to a slider 26.

25 Tmﬁﬁa;ider 26 is in turn supported on actuator arm 28.
ACtﬁé#or-arm-zs is provided to piwvot around pin 30 by
voice coil motor 32 in response to control signals
received from a printed circuit board (not shown). As
is known in the art, during operation of the drive 20,

30 disk 22 is rotated by a spin motor (not shown) and
actuator 28 pivots read/write head 24 across. the surface
of the disk so that data is transferred between the
read/write head 24 and the disk 22 in a plﬁrality of
concentric data tracks. The above-described disk drive

35 components may be sealed within an interior of the drive
by enclosing the components within a base 33 and a cover
34.



30 disk 22 is rotated by a spin notor (not shown) and actuator 28

pi vot s read/wwite head 24 across the surface of the disk so that data
I's trang, §4d7bet veen the read/ wite head 24 and th h&hga bN a
plurallty o# - concentric data tracks. The above-desc??%Ld i§¥$drive 35
conmponents may be sealed within an interior of the drive by encl osing
the conponents within a base 33 and a cover 34. WO 96/ 14637

PCT/ US95/ 15329 8 As

di scussed in the Background of the Invéhtion section, it is inportant
that the interior of the drive remain relatively free of contam nants

In order to accohp| dsacuspedobpebhpy Bagkground of fheodnventiendi sk 5
drive to Cé?é%%ﬁ;’:\tft“&.é hlﬁﬁdradhtlsthhﬁ the exterielr of thievigraweental

conditions, the cov with a urglity of stanped
depre55|oﬂ§5m%ﬁ? fﬂﬁﬁﬁefayffﬁﬁ PgdcoﬁgFPﬁEagtﬁlur&BIPF%GF'¥ﬁhnnelsngnd
chanbers accamp¢&shlnnishebﬂeétmveowhineuet&&e aﬁleaﬁngdtmg H%smhe 10
presen (o) t e or

D ¢t Bnadii v Fe einhl pabs GLch BHA HOSuBE) o rpl WREGRRAD Y 0
- shown |r1Féqnirdnmhnbaghcondlu;onae thef goven' 3#r mayube prowideddes an
haped’ Sodfitn a nificdeytotof sfafysachupraRitnscnINN] et 0 720 19
buf f er chmge%[@?fs}nana Blpratiryt pfoFhanned g and charmbRI®hannel s 42

Br ﬂn dedhl@éﬂpﬁwgnb fhg €ERen@eEfigion sthagfbuiéeaeca&&‘aeainéoh:%r ]I;the Tge final

uf f er chanbe i ffusi on._pa preferre

enbodFﬂenﬂpﬁﬁpe%ﬁaﬁﬁg?nggﬁn |n@$ﬁdg§fg ﬁFBPaP£F§ %Prﬁowgg 44 all owi ng

flui.d trarsleerietivelbyt o dﬁﬂiuionalinbetﬁoemaﬂ dndtheebase 33t dn or of

" the drive,. ded,QVv | e ilter out
parti cul ataé{g %jhé% %@Wﬁd%ﬁ# ?]{"SI &R g?' %g ?’h gfhl or of the

drive. As 45 Use ﬁhﬁﬂnSiqntﬂéructureuBﬁeinaéudgy BB EDFNEdChBQMEQarlous

naterlals ?%hth?gaﬁXﬂfaﬂﬂéeE;FEhﬁbeEDEE@£EShrhnd a zig-zag The entry

channel e; chanber s err he .co |cat|on channel s

42 ard suﬂﬂﬁ%ﬁﬁ¢aﬁ?9t on. geIhe st 85“%8 aéfﬁﬁgtaeﬁlﬁpﬁ 8% h by neans
of top plurality of buffer chambers 40,, and a plurality of

communication channels 42 provided between and connecting

the buffer chambers 40, ,. The final buffer chamber at

the end of the diffusion path, in a pfeferred embodiment
- 20 chamber 40d;-includes-a plurality of holes 44 allowing
fluid transfer between the diffusion structure 36 and the
interior of the drive. A filter 46 may be provided over
the holes 44 to filter out particulates that may be left
in the fluid entering the interior of the drive. As is
knnﬁmﬁin.the art, filter 46 may be formed frcm'varlous

rerials, including expanded PTFE or Gortex®.

‘The entry channel 38, the buffer chambers 40,4,
and the communication channels 42 are substantzally
sealed so as to define a diffﬁeion-peth_by-means of top
30 cover 48. Top cover 48 and cover 34 lie in direct

contact over the entire surface of one side of top cover
48 with-the.exceptien of the areas defined by entry
channel 38, buffer chambers 40,, and communication
.~ channels 42. An adhesive may be applied to the contact
35 side of top cover 48 so as to restrict fluid diffusion to
.~ only within the channels and chambers. As described in
greater detail below, top cover 48 may preferably be

25




30 cover 48. Top cover 48 and cover 34 lie in direct contact over the

entire surface of one side of top cover 48 with the exception of the
“areas defi Ngg dg)iedPt 'Y channel 38, buffer chanbers 40[errﬂ.ﬂﬁﬁ§b5,15329
comuni cati on channels 42. An adhesive may be applied to t contact 35
side of top cover 48 so as to restrict fluid diffusion to only wthin
the channel s and chanbers. As described in greater detail below top
cover 48 may preferably be . =~ WD 96/ 14637 S

PCT/ US95/ 15329 S 9 g formed froma
~durabl e and i nexpensjive mater| al mhlch may be easily renoved and

repl aced. Any d&ommad &rom# ydurab mmemyvgemaéeawbrwbéshcmm

48, including fuy eas11@<m@vmlmr PaGedA NBh¢ 6P VAribesPpeYymed in
top 5 cover 48 to a MldlfoSIO f ui d bet ween |f£ structure
36 and the ext &SR qaé% ?%& f%ﬁ top ?gﬁ?ﬁs%gts ?ﬁtuaﬁPg fAfended
?ntry p?int ineﬁampkhlpuiyharbonata.ennrnobé 50 umaly i bé oproeidedveén top

n practice n r ase in
the ext er nat t%%ee%g#u%‘éﬁfjﬁgp Hff@%’rs#@#v# wil et %ﬁﬁfﬁsﬁﬁﬁ
di f fusi on struchpuctigre tam L@#er@m@esna Cepvirosmentt heHdlef 60 on
structure, Y, h n '
buf f er chanbers % i err?lé-|er faé%neﬁe%?nﬁéTﬁér%%pgg?Fvgﬁlvev?g 15
each of the cofm@i FXNP Pﬁ%#kﬂslqép be arived above, upon reachi ng

the final buffer chanber ,1d fprééw@bnaupon aﬁhﬁﬁ@ﬂe@geeﬂﬁethéhex{:akﬁalor of
the drive.

IS under st ood t hat |n ternaglve odlneng & thgi Hay
be gr eX ergﬁqu¥§ﬁH T PO 1R SRR dCEfPeEasyre, tlui
comruni cati on oHArNndlow ﬁﬂmmethseasmmaphérehﬁnEatélﬁﬁtslon gtrucburensé

decreases or  eAReh A1 d GEAS 18 £h98foh atrbbihgel !
pposﬁ| ?n %hat jd%scr“%

flowin a direct
a preferred em&&ﬂlﬁiﬁld(ﬁﬁﬁ&ﬁﬁﬁ\EQQMB|%n6?25Ch%¥%$l]3$nchh¢%rhntactor

drive with out gneddee '&l&ﬁeﬁé 40,, app/ %,UHEQHY45 3/feé§@£'@fv Iy' epgah, by
4 inches in wi_dt h Iétl I nch jn he| : CMnng o the t hi ckness, of
|

the wal | s Bd EReKRfcd dt2x As gkated ahevlent s,
at sea |evel (hbdhrrﬁéﬁhfﬂyiﬁhéﬂtlnal buffer chamber, the fluid may

thereupon enter the interior of the drive. It is
understood that in alternative embodiments, there may be
greater or lesser than four buffer chambers and three
20 communication channels. Where pressure of the external
environment decreases or-température increases, it is
understood that fluid will flow in a direction opposite
to that described above.
) In a preferred embodiment, disk drive 20 is a
25 3%"nch form factor drive with outer dimensions of
toximately 5-3/4 inches in length, by 4 inches in
width, by 1 inch in height. Owing to the thickness of
the walls and the space occupied by the internal disk
drive components, at sea level (14.7 psiaJ and room
30 temperature (25°C), the interior of disk drive 20 can
hold approximately 6 cubic inches of fluid. It is
.contemplated that disk drives will be operated at extreme
conditions, such as for example at elevations up to |
- 10,000 feet and at temperatures rangingffrom about 5°C to
35 55°C. The volume of £luid held within the diffusion
structure 36 is approximately equal to 25% of the maximum
volumetric change experienced by drive 20 as result of




30 tenperature (25[err]C), the interior of disk drive 20 can hol d

approximately 6 cubic inches of fluid. It is contenpl ated that disk
drives Wwboka4gper ated at extrene condi tions, such as for exanple at

el evations up to 10, 000 feet and at tenperatures rangi ut
5[err]Cto 35 55[err]C. The volune of fluid held within the diffusion
structure 36 is approximately equal to 25% of the nmaxi num vol unetric
change experienced by drive 20 as result of - WO 96/ 14637

PCT/ US95/ 15329 10 10 changes in
pressure and/or tenpirature In a preferred enbodi nent, the

entry channefh8Bges in presguye éndvcsstsmpanatﬂrearea of approxrnately

0. 0006 squar e i nghea, pa¢ % appr.oxi mat el y
10. 25 i nche C@% ni cat i on chggﬁgas%ng#dp%% B:I?X? t?gﬁ: %@% th
sl oped mall?mﬁ% VExt B8 PESEARPaLy aTregs of appnamﬂmatamyrauunomhe cover

34, thereby $quang inchess-and an &%eikha2na square
PeX beglhgfﬁngp ’%&@i Iy about

i nches. nrca i on
0.44 10 |néﬁ ??h?%‘un8§®@$838 & Fe M8y @Wﬁﬁprahdunﬁe 38
and communi #@#ﬂcﬂﬁﬁhe$bonednugllaryhmohheWtehd apprbﬁ&ﬁﬁ% ol

cross, sect| auin ruady | epcarkheber 30, FAfkofl, biish 1 crons: nELELeQ?bLy

arcuat el y shape bﬁg an arcua

15 |argest ® ta%ﬁ% eﬁ%@@ﬁeﬂt00&5dsquazecﬂnbhebengwhe len géh 0.5

inches at srofl lessth cmﬁmtﬁﬁl@&nﬁéﬂ@atgrﬁferaﬂg é.gg gl gggth of
es, an cRa has a

each ch apar oxi nmat
depth o aborﬁ%%G "B Hﬁffe%%t%%v'éhat: hehei shapeoat entrrrechhnnhmrs

40[ err] rray3@0anﬂarqomurdct&tiummmwlm vl hhbER SE4 PR MENSI ONs, ﬂ
~at sea Ieve&é%?g CYAPIgS éé@ifrf%fsron structure 36 can ho
appr oxi mat el 11 c iC |nches ol @Profile and 1en9thur|ng
nonoperati o (ﬂhﬁmhﬁnﬁrlﬁapzeﬁbrably arcudesly "ehgpég, | ittle or

no pressurehand HRE aFHdy: interior of the
nbe ste ledy g‘ffenvr ronme:'\'?5e ‘E}f‘%evﬁtl"lastr N

drive t surroundi ng extern flow
at a Ig&?raﬁgrgﬁP5ugﬁ4%ﬁ§WﬂéatiﬁQH@QQrﬂﬁﬁﬁﬁﬁ&drﬁﬂdt&nearcuate length
of 0.5 inches at smallest, innermost arcuate segment.

The radial length of each chamber 40 is approximately
-+ 0.625 inches, and each chamber has a depth of about 0.06
inch As above, the dimensions of the chambers. 40H,may
20 vary in alternative embodiments. With these dimensions,
| at sea level and room temperature, the diffusion

structure 36 can hold approximately 0.11 cubic inches of
fluld.

-~ During nonoperational periods of the drive, and
44 ere is.little or no. pressure and temperature
differential between the 1nterior of the drive and the
surrounding external env1ronment, fluid will still flow
at a low rate through the diffusion structure from the
30 external environment and/or the drive interior. 1In
conventional diffusion structures having a single
compartment, "clean" fluid from the interior of the |
drive, i.e., fluid which is relatively free of o
contaminants, diffuses into the compartment and mlxes
35 with contaminant-rich fluid that has entered the
compartment from the external environment. ‘Thereafter,
when fluid is drawn back into the drive interior, it is a

25



30 exter nal environment and/or the drive interior. | n conventi onal
di ffusion structures havi ng a single conpartment, “"clean” fluid from

t he |nter|wb,@,‘é drive, ie., fluid which is rel atlvelpt-lf,ﬁggngjzg
cont am nant s |ffuses into the corrpartrrent and m xes 35 wth

contam nant-rich fluid that has entered the conpartment fromthe
external ‘environnent. Thereafter when fluid is drawn back into the
drive interior, it is a . WD 96/ 14637

PCT/ US95/ 15329 141 m xture of the clean and
contam nant-rich fluid. However, it is a feature of the

pr esent | miaguinen o she gleam Andiconkaminant {riohr flwid. t her e i s

relatively little m xi ngydafevdr) Gt b_ggv&efegme Ebfr@ﬁ@eﬁféggnghanbers
40[err]. Thig is true b cause 't [ hannel s 42 bet ween
each of the cﬁ%"’s‘ P]fﬁﬁﬂttl eéla‘ﬁfg PERATER: bFReFROW
bet ween tie Qfmmléﬁ[mﬁdle nu.xing of flﬂ'ms chetweenl ene fl uid that
di ffuses from.the ri e r. chanbers
nearest t i ﬁF@Pe(])cg"iV% Wﬁe a '6 ﬁfgé Q n-bgggﬂggt Fr?‘ CSinilarly,

t he cont am nakommutidatiiah felenndis 42 lwltmemreaaéhtdxé the vehambéuses i nto

the chamber L Bct aé%ﬂé‘%ﬁfésa Suﬁ% 1&’9&.’5:!’.?”@?8{:: ﬁéQG hhe 15

di ffusi on pat I CI anoun e cl ean
fluid and contlhe shambexs 4Qui-d wil | diffuse through each of the

chanbers, thereby est ablyrdydih ) U'élé&ﬂ Uf‘lu:.d ﬂh&@'@iff‘@séé@f&ﬂ@h@ﬁ
However, the plyrali of, 20 buffer "ﬁ? throttlinhg comuni cation
’ﬁ{? H’R/e

channel's 10 SXd¥&i Q‘ﬁ"qu'léﬁ)rm %f'u%rfﬁli‘ BHR
di ffusion rat n‘eatﬂat ithe: dmtserign abf sqmmvaranwg the difﬂﬁsibﬂi d

fructure 5o PBERy oiRiday GROFbntatihane-#1en e thid' Prbl Lh, OV
envi ronnent al ecma:hitamluf dmetgia::.ve dififuses dinto debenchamhkernoo the dri ve
Itoheolr ntgrl or léklweé]:rpdrel*{/gléc}ﬁés/ y- expe E%%a%%r%ﬁgﬂ 'é'igngréﬁ\g e

15 diffus:.on path. _

Given a sufficient amount of time, the clean
fluid and contaminant-rich fluid will diffuse through
each of the chambers, thereby establishing equilibrium
within the structure 36. However, the plurality of

20 Dbuffer chambers and throttling communication channels
according to the present invention provide for slower
diffusion rates than in conventional systems, and the
clean fluid remains separated from the contaminant-rich

fluig within diffusion structure 36 for a greater period

25 _

- Therefore, if environmental conditions change
and fluid is drawn back into the drive prior to
equilibrium having been established, the fluid drawn into
the interior is the previously-expelled clean fluid that

30 is stored in the chamber(s) nearest the interior of the
drive along the diffﬁsion¢path. Thus, the plurality of
chambers offer an improved system for minimizing
contaminants within the interior of the drive.

In addition to slowing the diffusion rate

35 through the diffusion structure, the plurality of
chambers 40,4 provide a multi-stage filtration system that
further prevents contaminants such as particulatés and



30 is stored in the chanber(s) nearest the interior of the drive al ong‘

the diffusion path. Thus, the plurality of chanbers offer an inproved
system zing contam nants within the interior of the drive.
In addltlogda slowing the diffusion rate 35 through t hePGHOSEN]
structure, the plurality of chanbers 40[err] provide a nulti-stage
filtration systemthat further prevents contam nants such as

particul ates and WO 96/ 14637 _ '

PCT/ US95/ 15329 12 12 wat er vapor
fromthe external environnment .fromreaching the interior of the drive.

As i s knownwatemr vaport €rome the extemml \Matirainent fﬂﬁnfi'é&éhi@g

cont am nant Ehes t5Gertor’ g, el X ¥ it RIS Wi, v

~ trapped duevan gerf Haaladleﬁuemt Iaﬂrtﬁielid’\mmmmmd within émecHhiltered
out of the Ekutﬂeaﬁhhhnb'iﬁvglss t@;] ha.mt*éieeh fus ggﬁﬁ e 36 as
ﬁs 0 s an

result of condensati on nber s.

~Addi ti oSal | yithgn §§§e83&ﬁ-ﬂy igpinge jandhe |side ataésletmna theyl axet he
present Inveﬂappad aakt hbnaueffa@erhaneﬁ%dlcwee waidPiapdye fluid

will also oc her I I I enbo rrent of the I'nvent i on
shown in Fi ﬁg!ﬂg b@agﬁiﬁﬁrﬁ %5&&3@%@%] trFavRda ddeeushi ccant
52[ of ]knovviwtné dﬁrﬂfaau.ah stfortaren 36 asetewulty dmtcbﬁdaxdeaﬂﬁdn cdrageper
40[err] w e enstion, '
settling anlall'lg %ﬁ‘% é Eﬂ%t c@én%r o?agggaq;ﬁ%ﬁqﬂ n ﬁ#%?é?ﬂ?:’r

Cont amhﬁantssphan-ahity pistheniower flow raties am{omp]]iahdd bye the t ered out
ina siml o] ch F ] may pass

t hr ough chgﬁn%éaéﬁt En@tn%@.]on %@E?:li?@[ taef;é: out z x‘}ﬁ%ﬁ err], and
finally, WithBiRahhgaflvidh¥ildaRle 9aMoyg t4d{lor n \@ue . be
filtered ouémbydimentebfdeher ihventionc phthal Ln3digid 542 each giggenal |y

ic]t uﬁt)h]elrlt‘é i nt%;rh ggts from]tqh 3 %ﬁ#‘?%a%?t %tﬁé%‘%ﬂg&?gegll ar eas
of thelsSnt emaberbdaldi fCosl:a.m:.nants entering into the first chamber
40, will be filtered out by surface adhesion, '
condensation, settling and/or by desiccant 52 provided
within the chamber. Contamiriants that may pass through
chamber 40, will be filtered out in a similar fashion by
20 chamber 40,. Contaminants that may pass through chamber
40, will be filtered out by chamber 40,, and finally,
contaminants that may pass through _-Chambe:"4d,'will be
filtered out by chamber 40;. The channels 38 and 42
additionmally act to filter contaminants from the fluid in
25 a. similar manner. : '
‘A further feature of the present ‘invention is
that access to all areas of the interior of diffusion
structure 36 may be cbtained by quick and easy removal of
top cover 48. After a disk drive has been in use for
30 scme time, the top cover 48 may be removed in order to
replace an old desiccant and/or to clean out contaminant
buildup on the walls of the channels and chambers, thus
maintaining the effectiveness of the filtration system
and possibly improving the longevity of the disk drive.
35 Moreover, the diffus:.on structure is formed together with
cover 34 as a un:n.tary construction. This offers an
advantage over conventional diffusion structures which

»
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structure 36 may be obtained by quick and easy renoval of top cover 48.
After a disk drive has been in use for 30 some time, the top cover 48 may
" be rermvedwa,&iﬁgi repl ace an ol d desiccant and/or t @ecaltses1sas
cont am nant I dup on the walls of the channels and chanbers, thus
mai ntai ning the effectiveness of the filtration system and possibly
I nproving the longevity of the disk drive. 35 Moreover, the diffusion
structure is fornmed together, with cover 34 as a. unltary construction.
This offers an advant agé& over conventi Gdal di ffilsi on structures which
WD 96/ 14637 PCT/ US95115329
13 had nhagd pasyePigaesh which @8 \Costn ke MannEaGHare and, ifiqy
coul d be accesiﬁ%ftcoﬂm P bl Tt @it, apshld be C@BE£icEDt canan.
A known pressure Sensitive adhesive nmay be '5 provi ded on the side of top
cover 48 in cofEStd¥initch qlgan. upper surface of cover 34. After the drive
has been in use for @Dﬂ&d&@fl presure nsenshipi ve vadhdéivaymiy benoved

to all ow deS| ccant ecce a\__nd té@é}i@g@iﬁ E'E‘ &Pé\ﬁbg&é to |

be cl eaned. Th?lré’é' 5% eFOBRTS" CBVEY
cover 48 is ea :ars:hrface rw(maar/e‘ig/ f Ak tent the fdvive has been in

pol ynmer, -and 99? " "
once the top cb\?&% has %&erﬁﬁge&ﬁmvede%@ %é’ E of P@L}ﬂﬁ% %?gﬂgbad
chanbers may b&ceadiloy fesiqaants xto e d@p&msa@ who ehawpeisy

removed and th A%to be C&!I?é’él?é& Meyhresftés) eé!thdwaﬂ cover
i nexpensi vel y cl eane oug t he |nve3£%
descri bed 3¢ 48 d& AGLi%adiopte tcml eFeYSHa* P haf ?ﬁgl -ﬁv@ﬁ?i on

is not |imted ifexdehsind; it deted nf:cbmcé.o]sed cést \polymer¢handes,

hosty ULy ons B R enous Bied | Eksael), (BoagataY o i1

descri bed and eefdendrhebytaphecavymentchas dbeen removed, each of the
channels and chambers may be easily accessed so that

15 desiccants 52 may be easily removed and the channels and
chambers may be efficiently and 'inex_pensively cleaned.

Although the invention has been described in
detail herein, it should be understood that the invention
is not limited to the embodiments herein disclosed.

20 Various changes, substitutions and modifications may be
made thereto by those skilled in the art without
departing from the spirit or scope of the invention as
described and defined by the appended claims.
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25 REPLACENMENT

SHEET 14 1 Cdaim 1. A diffusion
struct defilssa! | oW ng flu n an interior of @#@sg(%ve and a.
sur roundi ng external en I‘ “1“ si ng:

chanbers; a pI arnels (42) int

sai d pIurallty of chanber, said plurality of channels hn |b| ro
between said plurality of chanbers at | east at certaln
.a housing (20) for the disk drive in whiiah said plurali
plurality of channels are forned by a stanping process
cover Aaf f i xedCladmai d housi ng over said plurality of chanbers and pIurallty

Charhero-ark o B Fo08108 srshbLuseo b IERAd A2 L L,
in claimi1Pekeeenan interior of a disk drive anfl a surrounding
external environment, comprising:

a plurality of chambers;-

a plurality of channels interconnected between
said plurality of chamber, said plurality of channels
inhibiting flow between said plurality of chambers at
least at certain fluid flow rates; _

a housing for the disk drive in which said .
plurality of chambers and plurality of channels are ' ‘
formed by a stamping process;. and. S o : |

a cover affixed to said housing over said

_ plurality of chambers and plurality of channels so as to
~ define a diffusion path through said plurality of -

chambers and plurality of channels. -

and

_.2. A diffusion structure as recited in claim 1, wherein
said cover may be easily removed and inexpensively
replaced to allow removal of contaminant buildup within
said plurality of chambers and plurality of channels.

3. A diffusion structure as recited in claim 1, wherein
a desiccant is provided in chambers of the plurality of
chambers.

4. A.method of preventing contaminants within a fluid
from entering into an interior of a disk drive,
comprising the steps of: '

' providing a plurality of buffer chambers
between an interior of the disk drive and an external
environment, said chambers defining a diffusion path for
the fluid; and '

inhibiting fluid flow between said plurality of
chambers so that fluid from said interior of the drive is
more likely to remain in chambers of said plurality of
chambers nearest the interior of the drive alo;

e s et
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sai d cover may be easily renpved and i nexpensively replaced to allow
renoval of contani nant bUI | dup within said plurality of chanbers and

“plurality S 3. A diffustenstructure as recite 59 1,
wherein a ﬁg%g&ﬂf (52) |s prow ded H‘E rrbers of -the plura ty o%b

chanbers. = 4. A nethod of ‘m\m am nants within a fluid from
entering into an interior c““u conprising the steps of:
providing a plurality of bufferr chambers betvveen an interior of the disk
drive and an external environnent, said chaers defining a diffusion path
for the fluid; and i nhi bi ting fluid fl ow between said plurality

of chanbers so dilfudiot (baitﬂo,maai dEiudcrfrom cdaidcexitéxmal semvironnment y t o

he orive al ongeoitre Theet e hiplafh £ EGRSeEE6E Sal 3l gL 68 08

15 di f f usi ochafersamestest] thenintexientef nthe edvivemiong said npre
likely to remalcﬂ_ ﬂ} W&Of said plurality of chanbers nearest the

exterior environme drive al ong said di f fusi on path.
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